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Abstract We spend more than 90 per cent of our daily lives indoors. Managing the indoor 
environment so that we feel comfortable and healthy is therefore very important.  However, 
this management is only possible if rigorous data on both construction parameters and indoor 
environment exists.  Moreover, the evolution of construction techniques and materials used 
modulates both aspects. As a consequence, it is necessary that the information obtained 
reflects a long period of time. That is the main driver for the project “Six by Sixty by Six” 
undertaken by the Civil Engineering and Architecture Department and the Faculty of Health 
Sciences of the University of Beira Interior. Six houses constructed in six different decades 
(1960’s-2010’s) were surveyed for sixty days regarding a set of parameters (e.g., 
temperature, humidity, CO2, CO, VOCs). Additionally, dust was collected by the vacuum 
cleaner bag and was analyzed for specific contaminants. This work presents the results 
obtained for the toxics metals mercury, arsenic, cadmium, and lead in dust samples. There is 
no legislation regulating maximum permissible levels for any of the studied metals in dust. A 
comparison with ”Portaria Nº 1450/2007” which regulates the maximum metal contents in 
dredged sediment that can be safely deposited in soils (here used as an action threshold) 
reveals that the values for As in all houses were transcended. For Cd and Hg they were only 
transcended in one house, whereas for lead all the values were below this threshold. Linear 
regression with age of construction used as independent variable revealed no relationship 
between this variable and metal concentrations with the exception of As (R
2
 adjusted= 0.41). 
Findings are discussed under the light of potential health outcomes upon the residents.   
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Nowadays people spend between 85 and 90% of their time indoors [1] being the majority of 
this time expended at their homes. On average, an adult will remain the equivalent to 
15.7h/day at home [2]. Considering the magnitude of this time and that the presence of 
contaminants in the domestic environment is both frequent and diversified, the need to study 
this environment becomes self-evident. This need is reinforced by the knowledge that the 
concentration of several classes of contaminants in the indoor environment is higher than that 
of the external environment [3] (and references therein). Public perception will allocate the 
presence of contaminants in the domestic environment as the result of transport from the 
external environment. However, activities and commodities that we deem indispensable for 
our everyday comfort may be contributors to the presence of these chemicals. Contaminants 
can arise from within house sources such as fuel used in heating systems, tobacco smoking, 
building and decoration materials, cleaning and maintenance products, personal hygiene 
products and from activities such as gardening, pottery, and soldering [4]. Managing the 
indoor environment so that we feel both comfortable and healthy is therefore very important. 
However, this management is only possible if rigorous data on both construction parameters 
and indoor chemicals exists.  Moreover, the evolution of construction techniques and 
materials used modulates both aspects, thus it is necessary that the information obtained 
reflects an extended period of time. Those are the main drivers for the project “Six by Sixty 
by Six” undertaken by the Civil Engineering and Architecture Department and the Faculty of 
Health Sciences of the University of Beira Interior. The subject of this paper is the 
environmental evaluation of the houses enrolled in the project. 
Traditionally, the evaluation of interior environmental quality is performed using air as the 
reference matrix. However, the large spatial and temporal variability of contaminants in the 
air precludes their quantitative and qualitative integration, particularly over large temporal 
scales [5]. In face of these limitations, the use of house dust was proposed as an appropriate 
matrix for the evaluation of indoor environmental quality [5]. House dust is an heterogeneous 
mixture of soil particles, settled atmospheric particles, hair, fibers (natural and artificial), 
fungi, pollen, allergens, bacteria, virus, animal fur, human skin, smoke associated chemicals 
(from heating and food preparation), building and furniture components, to cite only the most 
common [6]. The composition and physical-chemical characteristics of house dust will 
determine the type of contaminants that will be associated to it, with the particle size, type, 
texture, polarity and lipophilicity playing a fundamental role [3]. Thus, house dust reflects and 
integrates not only air contaminants (that will adsorb to suspended particulate matter and will 
settle [3]) but also contaminants from other sources (both outdoor and indoor) present in the 
indoor environment, acting as a concentrator and reservoir. In dust, these chemicals are less 
exposed to alteration and degradation that naturally occurs when they are freely circulating in 
the environment (e.g., by the influence of sunlight, temperature fluctuations, microbial action) 
[3,6,7]. Among these chemicals are metals, which typically occur in dust at higher 
concentrations than those present in soils of the same area [8]. Generally, metals in dust are 
found under particle form (at least in inorganic speciation states, the most frequent) [9]. Aside 
from well-known cases such as that of lead, many other metals are normally present in the 
indoor environment and can have impact in human health (even those that are essential) [9]. 
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House dust is considered an important source of metal exposure, particularly for children [10].  
Since in modern houses the use of a vacuum cleaner is standard, the collection chamber of 
these appliances (particularly when bags are used) offers itself as the ideal collection spot for 
representative samples. This work presents the results obtained for the toxics metals mercury, 
arsenic, cadmium, and lead found in the dust collected in the vacuum cleaner bag from six 
houses in Covilhã (a small city in the interior center of Portugal) constructed in six different 
decades (1960’s-2010’s) after a survey of sixty days during the cooling season (May-July 
2015).  
 
2. MATERIAL AND METHODS 
2.1. Sampling area 
Covilhã is located in the mountainous interior center of Portugal in the Cova da Beira Region 
at an altitude of 700m and with approximately 50,000 inhabitants. For decades the 
Municipality had a very strong textile industry, and to this day Covilhã is synonym of fabrics. 
However, the crisis experienced by the sector in the 1980’s, led to a profound reconversion of 
the local economy and currently 219 small businesses in the transformation sector are 
distributed between two small industrial parks to the north and south of the city [11]. 
Approximately 30 km to the southeast a major mining complex (“Minas da Panasqueira”) can 
be found and has been in continuous operation for the last 100 years. 
During the period of the study the wind regime varied. May was characterized by a dominant 
wind direction from NW with an average speed of 6.3 Km/h. In June the predominant wind 
direction was WNW with average speed of 3.9 Km/h, shifting in July to a W dominance and 
an average speed of 3.3 Km/h (information obtained from the University of Beira Interior 
weather station at http://webx.ubi.pt/~goa/). 
 
2.2. Sample collection 
Houses in the 6x60x6 project are located in the Covilhã urban area and were built between 
1960 and 2014. Inhabitants were given an informed consent to sign previously to any 
sample collection. At the beginning of the sampling period vacuum cleaners at each house 
were fitted with a new vacuum bag (Wonderbag Compact WB 305120) and it was requested 
for the appliance not to be used in automobiles and garages. After 60 days the bag was 
collected and transported to the lab inside a sealed polyethylene bag. 
 
2.3. Sample processing 
Samples were sieved through a 5 mm mesh stainless steel sieve for larger debris removal, and 
the sample thus obtained re-sieved through a 500 µm mesh stainless steel sieve. Final samples 
were stored in polyethylene tubes and maintained at room temperature and protected from the 
light until analysis. 
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2.4. Metal quantification 
Mercury was quantified through Atomic Absorption Spectroscopy (with thermal 
decomposition and gold amalgamation in a Nippon Instruments Corporation (NIC) MA-3000) 
in accordance with USEPA 7473 method [12]. The NIC MA-3000 does not require sample 
pre-treatment. Total mercury was determined in 50 mg of dust. Calibration was achieved with 
successive dilutions of a mercury standard (TraceCERT® Sigma-Aldricht, 1000 mg/L Hg 
metal). 
Arsenic, cadmium, and lead were quantified through atomic absorption spectroscopy 
(PerkinElmer AAnalyst 800 Spectrometer) with graphite furnace and Zeeman correction. 
Samples (200 mg) were digested with a 5:1 mixture of HNO3 (Optima grade, Fisher 
Scientific) and H2O2 (Sigma-Aldrich) in a BERGHOF Speedwave Four microwave digestion 
system. Calibration of the apparatus was achieved using standards (1000 mg/L, SIGMA-
ALDRICH) for each of the analyzed elements.  
Procedural Blanks and reference materials were run (NIST Standard Reference Materials 
2583- Trace Elements in Indoor Dust) to ensure precision and accuracy of all analyses. 
 
2.5. Statistical analysis 
Statistical analysis was performed in the Minitab software package (V.16) at a significance 
level alpha=0.05. 
 
RESULTS AND DISCUSSION  
The metals levels registered in each household are depicted in Table 1. There is no legislation 
regulating maximum permissible levels for any of the studied metals in house dust. Since a 
threshold was needed in order to characterize risk of exposure, a   comparison with ”Portaria 
Nº 1450/2007” which regulates the maximum metal contents in dredged sediment that can be 
safely deposited in soils was used. Despite being originally destined to evaluate risk from a 
different source, the basic premise is the same: it represents an action threshold that when 
transcended presents a high probability that biota and humans will suffer toxic effects, since 
house dust can enter the human body through dermal contact, inhalation, but mostly through 
ingestion (e.g., dust settled into food items, hand-to-mouth contact) [3, 13]. Estimation of dust 
daily intakes varies according to authors with some indicating daily ingestions as high as 100 
mg for adults and 200 mg for children [13]. 
 
Table 1. Maximum, Minimum, geometric average and median values for the metals analyzed (µg/g). The values 
determined as threshold action level by Portaria Nº 1450/2007 are indicated. 
  Hg As Cd Pb 
Max. 1.08 273.73 1.14 23.26 
Min. 0.14 38.72 0.36 0.44 
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Geometric Mean 0.27 117.81 0.56 3.78 
Median 0.23 127.76 0.52 7.54 
Portaria Nº 1450/2007 0.5 20 1 50 
 
Table 1 presents the Maximum, Minimum, geometric average and median values for the 
metals analyzed. When compared with ”Portaria Nº 1450/2007”, arsenic values were above 
the threshold at all houses. Only house C registered any other transcendence, specifically for 
Hg and Cd. No house registered Pb levels above the legal limit. House C differs from the 
other by being in a “very exposed zone”(meaning a building for which there are no obstacles 
that attenuate wind, according to the “RCCTE, Decreto-Lei n.º 40/90”) in the upper reaches of 
the city. Since there are frequent forest fires in the area this house can be exposed to higher 
rates of metal rich particles settlement, thus justifying the higher concentrations measured in 
the collected dust. 
 
 Table 2. Spearman correlation coefficients between construction year and metals analyzed. 
 
Const. Year Hg As Cd Pb 
Constr. Year 1.00 
    Hg -0.11 1.00 
   As 0.64 0.21 1.00 
  Cd -0.24 0.88 -0.14 1.00 
 
Pb -0.38 0.90 -0.19 0.88 1.00 
 
The presence of arsenic in the environment can result from natural and anthropogenic 
activities. Since Covilhã is located in the vicinity of a mining complex (one of the most 
important anthropogenic activities for this metal), it is quite feasible that wind transport could 
account for enrichment of soils well above background levels. Even if no favorable winds 
were registered during the sampling period, the activity of the complex has been maintained 
for a long period of time (>100 years), which would still justify, if not by direct deposition the 
integration in house dust of the high environmental levels of arsenic. The concentrations 
determined in the dust of the surveyed houses can be used to calculate the daily intake of its 
inhabitants per kilogram of body mass. Calculations indicate exposure levels inferior to the 
Maximum Tolerable Uptake Intake Level (UL) for arsenic set by JEFCA in 2.1 µg/kg/day 
[14] (using conservative estimations of adults ingestions of 50 mg of dust/day, children 100 
mg of dust/day, and body masses of 65 kg and 20kg, respectively). However it should be 
noted that IARC considers arsenic a Group I carcinogen, and deems that “exposure should be 
limited to the lowest possible levels” [15], since even below threshold exposure levels, not 
conducive to cancer, chronic exposure to low levels has been proven to contribute to diabetes, 
gastrointestinal disease, encephalopathy and cardiovascular and haematological alterations 
(e.g., anaemia) [16, 17]. 
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Table 3. Summary of linear regression parameters between year of construction and each analyzed metal. 
  Hg As Cd Pb 
Adjusted R² 0.01 0.41 0.06 0.14 
F 0.05 2.81 0.26 0.48 
p 0.83 0.17 0.64 0.54 
 
Since the number of samples is limited the application of statistical procedures is undermined 
by power issues, which implies that the obtained results should be analyzed with caution.  
Table 2 presents the results for Spearman correlation between the variables and construction 
year. None of the correlations was significant.  
 
 
Figure 1. Linear regression between construction year and a) mercury, b) arsenic, c) cadmium, and d) lead. 
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Observations, regression model and respective 95% confidence intervals are presented. 
 
The application of linear regression (Table 3, and figures 1 to 4) returned models with low 
goodness of fit after R
2
 adjustment to the sample size and values of the F test (Table 3) were 
all non-significant, allowing us to conclude with a certain amount of caution, that the age of 
construction of the house is not a good predictor of metal burdens found in that house dust. 
 
CONCLUSIONS 
Of all surveyed metals, only arsenic registered above threshold levels in all house dust 
samples from Covilhã. The calculation of the Maximum Tolerable Uptake Intake Level for 
the household inhabitants returned arsenic exposure below the value set by JEFCA (2.1 
µg/kg/day). However, since arsenic is considered as a potential promoter of disease in 
humans, even at non-carcinogenic levels (e.g., cardiovascular disease, diabetes), 
preventive measures aimed to decrease exposure should be put in place. 
Given the small amount of houses surveyed, definite conclusions regarding metal burdens 
in Covilhã’s households, especially when trying to ascertain the influence of construction 
year, are difficult to set. However, the “6x60x6” pilot project has provided a set of 
preliminary results, laid good foundations and established sound practices for a much 
wider study encompassing the entire Beira Interior region. 
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